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1 The present invention relates to the calibration procedure for wireless net- 
works with direct mode traffic, and in particular to the creation of a topology 
map indicating the quality of connectivity of each wireless device of a wireless 
network with all other wireless devices in said wireless network. 

5 

A typical wireless network, such as the IEEE 1394 based HIPERLAN type 2 
broadband radio access network which specification is developed by ETSI is 
shown in Fig. 3. An access point or central controller 15 has an up- and down- 
link communication with several mobile terminals 11, 12, 13, and 14 and the 

10 mobile terminals can also have a direct communication in-between each other 
so that apart from the granting of resources for peer mobile terminals, e. g. the 
first mobile terminal 1 1 and the second mobile terminal 12, the access point or 
central controller 15 is not involved in the communication. Such direct com- 
munications in-between two or more mobile terminals are called direct mode. 

15 An IEEE 1394 bus with connected network devices is exemplary shown only for 
the fourth mobile terminal 14. 

The problem in wireless networks including direct mode traffic is that the 
mobile terminals do not know with- which other devices they have radio link. 
20 Thus, they intend to request the central controller 15 to set up certain connec- 
tions even though they are not possible. A second problem is the transmit 
power control during direct mode traffic. Without knowledge about the radio 
link quality always maximum transmit power levels have to be used until 
appropriate levels are identified. 

25 

Therefore, a topology map has been introduced indicating the quality of con- 
nectivity of each network device of a wireless network with all other network 
devices in said wireless network. After distribution of this topology map, a 
mobile terminal can check whether a connection is possible or not before 
30 requesting it with the central controller. Furtheron, transmit power control 
can be performed using an initial power level determined on the quality of con- 
nectivity of the particular radio link. 

Also, in case the topology map of the wireless network is not distributed in the 
whole network, but only stored within the central controller enables the cen- 
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1 tral controller to accept or reject connection requests between two wireless de- 
vices depending on the radio link quality. Furthermore, once the topology map 
has been created, the central controller can inform the peer wireless devices to 
set up their transmit power levels accordingly until accurate transmit power 

5 control is performed. 

Therefore, it is the object of the present invention to provide a method to 
create a topology map indicating the quality of connectivity of each network 
device of a wireless network with all other network devices in said wireless 
10 network. Furtheron, it is the object of the present invention to provide network 
devices that are adapted to work according to the inventive method. 

These objects are solved by the inventive method to create a topology map 
according to independent claim 1 and network devices for a wireless network 
15 according to independent claims 13 and 18. Preferred embodiments thereof are 
respectively defined in the respective dependent claims. 

A method to create a topology map indicating the quality of connectivity of 
each network device of a wireless network with all other network devices in 

20 said wireless network according to the present invention comprises the follow- 
ing steps: performing a measurement phase in which a calibration signal is 
successively broadcasted by each network device and in which all respective 
other network devices receiving said calibration signal measure the received 
signal quality; performing a reporting phase in which the measurement results 

25 are transmitted from each network device to the network device creating said 
topology map; and performing a creating phase in which said topology map of 
the network is created within the network device creating said topology map on 
basis of all received measurement results. 

30 Therefore, according to the present invention a very quick creation of the to- 
pology map is possible, since no bandwidth is wasted transmitting small 
amounts of data, namely single measurement results, from the network 
devices that have measured the received signal quality of one control signal to 
the network device creating said topology map, but since first all measurement 

35 results are collected before they are transmitted to the network device creating 
the topology map. 
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1 Preferably said measurement phase and/or said reporting phase are initiated 
by the network device creating the topology map. 

Further, preferably the topology map is updated when a new network device 
5 joins the network and/or after a predetermined amount of time has lapsed. 

A first type of network device for a wireless network according to the present 
invention is characterized by means to broadcast a calibration signal, to meas- 
ure a power level of a received calibration signal, and to transmit its measure- 
10 ment results to another network device or to store it internally. 

Preferably these functions are carried out on demand of another network 
device, but they can also be carried out on an internal demand. Therefore, the 
network device according to the present invention preferably comprises a 
15 decoder that initiates the broadcast of a control signal and the measurement of 
the reception quality of one or more incoming broadcast signals upon reception 
of a measurement control signal and that further preferably initiates the trans- 
mission of one or more measurement results upon reception of a reporting 
control signal. 



20 



25 



Preferably the network device according to the present invention is character- 
ized by a report encoder that receives one or more signal quality indication sig- 
nals and encodes therefrom a signal quality control signal to be transmitted to 
said other network device or to be stored internally. 

A second type of network device according to the present invention is charac- 
terized by means to initiate a measurement phase, to initiate a reporting 
phase, and to perform a creation of a topology map on basis of measurement 
results received during the reporting phase. 

This second type of network device preferably includes all features of the first 
type of network device according to the present invention. 

The first type of network device according to the present invention is either a 
35 mobile terminal or a mobile terminal having the functionality of a central 
controller, whereas the second type of network device according to the present 
invention always has the functionality of a central controller. 
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1 The present invention and its numerous embodiments will be better under- 
stood on basis of the following exemplary description thereof taken in conjunc- 
tion with the accompanying drawings, in which 



The mobile terminal shown in Fig. 1 is adapted to perform a direct mode cali- 
bration according to the present invention. The shown mobile terminal has one 
antenna 1 which is connected to the movable terminal of a transmit/receive 
selection switch 2 which fixed terminals are respectively connected to the 

15 transmitter and receiver signal path of the mobile terminal. In the receiver sig- 
nal path a receiver 3 is directly connected to the respective fixed terminal of 
the transmit/receive selection switch 2. This receiver 3 produces a data and 
control signal input to a controller 6 and also outputs a signal wherefrom a 
signal quality measurement unit 5 can determine the received signal strength 

20 which is output to the controller 6. For the transmitter signal path the control- 
ler 6 outputs a data and control signal to a transmitter 4 which modulates, 
up-converts and amplifies this signal to a given signal strength which is indi- 
cated to the transmitter 4 by a control signal generated by the controller 6 and 
outputs the generated transmission signal to the respective fixed terminal of 

25 the transmit/ receive selection switch 2. Bi-directionally connected to the con- 
troller are a user interface 7 and a memory 8. Furtheron, the controller 6 is 
connected to a direct mode calibration decoder 9 and a direct mode report en- 
coder 10. 

30 The direct mode calibration decoder 9 receives the control signals generated by 
the receiver 3 via the controller 6 and initiates the broadcast of a calibration 
signal and the measurement of the reception quality of one or more incoming 
broadcasted calibration signals from other mobile terminals upon reception of 
a measurement control signal which is transmitted from the central controller 

35 15. Furtheron. upon reception of a reporting control signal which is also trans- 
mitted from the central controller 15 the direct mode calibration decoder 9 ini- 
tiates the transmission of one or more measurement results to said central 



Fig. 1 
Fig. 2 



Fig. 3 



shows a network device according to the present invention; 
shows the messaging in-between the central controller and two 
mobile terminals during the calibration procedure to create the 
topology map; and 

shows an exemplary wireless network. 
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1 controller 15. Therefore, all measurement results stored within the memory 8 
are communicated to the direct mode report encoder 10 by the controller 6 and 
said direct mode report encoder 10 generates a signal quality control signal 
that is transmitted via the controller 6 and the transmitter 4 to the central 

5 controller 15. The central controller 15 creates a topology map on basis of all 
measurement results received from all mobile terminals during the reporting 
phase. 

In the following the calibration procedure will be described in connection with 
10 Fig. 2 which shows the messaging in-between the central controller 15 having 
a medium access control identifier, i. e. MAC-ID3, and a first mobile terminal 
11 having a MAC-ID 1 and a second mobile terminal 12 having a MAC-ID2, 
after the calibration procedure is decided to be started, since either a new mo- 
bile terminal joins the network or a timer has expired. 

15 

In a first step SI the central controller 15 send measurement control signals 
to both mobile terminals 11 and 12. Of course, the central controller 15 itself 
knows that the measurement phase of the calibration procedure will be per- 
formed. Therefore, after the first step SI all three network devices, namely the 

20 central controller 15 and the first and second mobile terminals 11 and 12, are 
initialized to perform the measurement phase. During the measurement phase 
all network devices within the wireless network successively broadcast a cali- 
bration signal and receive the calibration signals transmitted by the other net- 
work devices to determine their respective signal quality. Therefore, in a step 

25 S2 the first mobile terminal 1 1 broadcasts its calibration signal to the central 
controller 15 and the second mobile terminal 12 which receive said calibration 
signal, measure its signal quality, and store it in an internal memory. 

Thereafter, the central controller 15 itself performs the broadcast of a calibra^ 
30 tion signal to the first and second mobile terminals 11 and 12 in a step S3. 
Both mobile terminals 11 and 12 respectively receive the calibration signal, 
measure its signal quality and store this value in an internal memory. Follow- 
ing in a step S4 the second mobile terminal 12 also broadcasts a calibration 
signal to the first mobile terminal 11 and the central controller 15 which 
35 respectively receive this calibration signal, measure its signal quality and store 
this measured value in an internal memory. After all mobile terminals have 
broadcasted their calibration signals and these calibration signals are received 
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1 and measured by all respective other devices, the central controller 15 trans- 
mits a reporting control signal in a step S5 to the first mobile terminal 1 1 and 
the second mobile terminal 12. After reception of the reporting control signal, 
both mobile terminals generate a signal quality control signal comprising one 

5 or more measurement results and transmit it respectively to the central con- 
troller 15. The first mobile terminal 11 transmits its signal quality control sig- 
nal in a step S6 to the central controller 15 and the second mobile terminal 12 
transmits its signal quality control signal to the central controller 15 in a step 



Of course, the central controller 15 knows its own measurement results, since 
they are already stored in its internal memory. Upon reception of all measure- 
ment results from all other mobile terminals within the network, the central 
controller 15 generates the topology map which indicates the reception quality 
15 for every radio link available within the network. 

To summarize the above procedure it can be said that the calibration proce- 
dure mainly consists of two phases, namely the measurement phase and the 
reporting phase. In an exemplary embodiment of an IEEE 1394 based HIPER- 

20 LAN type 2 network during the measurement phase the calibration slot is 
transmitted using a dedicated control channel. It contains the source identi- 
fier. The calibration slot is transmitted using the maximum allowed transmit 
power level in order to avoid artificial hidden nodes. Each other wireless device 
measures the received quality, e. g. by means of the received signal strength 

25 and stores it in an internal memory. During the reporting phase each wireless 
device reports its measurement results to the central controller using a dedi- 
cated control channel. The report slot contains the identifier of the wireless 
device and the report measurements. One or more measurement results can be 
transmitted in one report slot. / 



Once all wireless devices have reported their measurement results to the cen- 
tral controller, the central controller (in a third phase) creates a topology map 
of the network which indicates the quality of connectivity of each wireless 
device with all others. A possible topology map of a network with n active devis 
35 represented into a matrix is shown below: 
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1 MAC-ID 1 



MAC-ID2 



MAC-ID 1 [^ ^^^^ RSS 1-2 



MAC-ID 3 



RSS 1-3 



T3CO O O 



MAC-IDn 



RSS 1-n 



RSS 2-n 



RSS31-n 




RSS n-m represents the received signal strength at mobile terminal n when 
transmitted by mobile terminal m. The central controller is also regarded as 
mobile terminal, since in a wireless network environment with mobile termi- 
nals the task of the central controller might be switched from one mobile ter- 
minal to another. According to the example shown hereinafter 4 bits are used 
to map the received signal quality, i. e. the received power to a signal strength 
code. Therefore, there exist sixteen possibilities of designated received power 
levels to be included in the topology map. According to the shown example, a 
bandwidth of < -90 dBm to > -30dBm is set with a step size of 3 dB and a 
range of -69 dBm to -48 dBm as a medium range mapped to one coding value. 
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5 



10 



15 



20 



RSS2 


Received Power at ARP 
[dBm] 


Step Size 


0000 


< -90 dBm (no radio link) 




0001 


-90 


3 dB 


0010 


-87 


0011 


-84 


0100 


-81 


0101 


-78 


0110 


-75 


0111 


-72 


1000 


-69 ... -48 


21 dB 


1001 


-45 


3 dB 


1010 


-42 


1011 


-39 


1100 


-36 


1101 


-33 


1110 


-30 


1111 


> -30 dBm 





Of course, any other mapping e. g. in a strictly linear or non-linear fashion can 
be performed as well. 

25 

An update of the topology map is always triggered by the central controller. It 
is started as a high priority calibration when a new mobile terminal joins the 
network so that an updated topology map is nearly immediately created, e. g. 
within 2 ms. Furtheron, a low priority calibration is started every time when a 
30 timer expires, e. g. every 100 ms. Low priority in this sense means that the 
calibration is carried out every time free resources are available. 

The topology map of the network might be broadcast by the central controller 
to all mobile terminals and depending on the used system it might be trans- 
35 mitted as a whole or line by line. A mobile terminal receiving the topology map 
preferably stores this topology map together with a time stamp. Another possi- 
bility to give knowledge about the network topology to a mobile terminal is to 
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1 just transmit a particular line or value of the topology map to the correspond- 
ing network device. 

Of course, the present invention is not only to be used with an IEEE 1394 
5 based HIPERLAN type 2 network, but with any wireless network, preferably 
with such supporting direct mode. 
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1 1. Method to create a topology map indicating the quality of connectivity of 
each network device of a wireless network with all other network devices in 
said wireless network, characterized by the following steps: 

- performing a measurement phase in which a calibration signal is suc- 
5 cessively broadcasted by each network device and in which all respective other 

network devices receiving said calibration signal measure the received signal 
quality; 

- performing a reporting phase in which the measurement results are 
transmitted from each network device to the network device creating said 

10 topology map; and 

- performing a creating phase in which said topology map of the network 
is created within the network device creating said topology map on basis of all 
received measurement results. 

15 2* Method according to claim 1, characterized in that said calibration sig- 
nal is transmitted in a dedicated control channel. 

3. Method according to claim 1 or 2, characterized in that said measure- 
ment results are reported in a respective dedicated control channel. 

20 

4. Method according to anyone of the preceding claims, characterized in 
that said calibration signal is transmitted with the maximum allowed transmit 
power level. 

25 5. Method according to anyone of the preceding claims, characterized in 
that said topology map is updated when a new network device joins the net- 
work. 

6. Method according to anyone of the preceding claims, characterized in 
30 that said topology map is updated after a predetermined amount of time. 

7. Method according to anyone of the preceding claims, characterized in 
that said topology map is stored in the central controller. 
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8. Method according to anyone of the preceding claims, characterized in 
that said topology map is broadcasted in the whole network. 

9. Method according to anyone of claims 1 to 7, characterized in that only 
the parts of the topology map related to a specific network device are transmit- 
ted to said specific network device. 



10. Method according to anyone of the preceding claims, characterized in 
that said calibration signal is transmitted using an omni-directional antenna. 

10 

11. Method according to anyone of the preceding claims, characterized in 
that the contents of the topology map are codes that are mapped to receive 
power values. 

15 12. Method according to anyone of the preceding claims, characterized in 
that said measurement phase and/or reporting phase is initiated by the net- 
work device creating said topology map. 

13. Network device for a wireless network, characterized by means to 
20 broadcast a calibration signal, to measure a power level of a received calibra- 
tion signal, and to transmit its measurement results to another network device 
or to store it internally. 

14. Network device according to claim 13, characterized in that said func- 
25 tions are performed on demand of another network device or on an internal 

demand. 

15. Network device according to claim 13 or 14, characterized by a calibra- 
tion decoder (9) that initiates the broadcast of a calibration signal and the 

30 measurement of the reception quality of one or more incoming calibration sig- 
nals upon reception of a measurement control signal. 

16. Network device according to claim 15, characterized in that said cali- 
bration decoder (9) initiates the transmission of one or more measurement re- 

35 suits upon reception of a reporting control signal. 
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1 17. Network device according to anyone of claims 13 to 16, characterized 
by a report encoder (10) that receives one or more signal quality indication sig- 
nals and encodes therefrom a signal quality control signal to be transmitted to 
said other network device. 

5 

18. Network device for a wireless network, characterized by means to initi- 
ate a measurement phase, to initiate a reporting phase and to perform a crea- 
tion of a topology map on basis of measurement results received during the 
reporting phase. 

10 

19. Network device according to claim 18 including the features of anyone of 
claims 16 to 20. 

15 
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A calibration procedure of wireless networks to create a topology map mainly 
consists of two phases: a measurement phase during which each wireless 
device, i. e. all mobile terminals end the central controller, transmits a calibra- 
tion signal in broadcast mode (S2, S3, S4) and each other wireless device 
measures the received signal quality and the reporting phase during which 
each mobile terminal reports the measured results to the central controller of 
the network (S6, S7). Both of these phases are preferably initiated by the cen- 
tral controller, the measurement phase with the broadcast of a measurement 
control signal to all mobile terminals (SI) and the reporting phase with the 
broadcast of a reporting control signal to all mobile terminals (S5). Based on 
all measurement results the central controller creates a topology map of the 
network once all reports have been received. This topology map is updated in 
two cases, namely when a. new device joins the network with a high priority 
calibration and when a timer expires with a low priority calibration, i. e. only 
when there are enough free resources. 
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Fig. 2 




Direct Mode 



Up- and Downlink 



Fig. 3 
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